Objectives: This study examines how the effects of childhood socioeconomic status (SES) may carry on into late adulthood. Methods: We examine how childhood SES affects both perceived stress and allostatic load, which is a cumulative measure of the body's biologic response to chronic stress. We use the National Social Life, Health, and Aging Project, Waves 1 and 2, and suggest a novel method of incorporating a longitudinal allostatic load measure. Results: Individuals who grew up in low SES households have higher allostatic load scores in late adulthood, and this association is mediated mostly by educational attainment. Discussion: The longitudinal allostatic load measure shows similar results to the singular measures and allows us to include 2 time points into one outcome measure. Incorporating 2 separate time points into one measure is important because allostatic load is a measure of cumulative physiological dysregulation, and longitudinal data provide a more comprehensive measure.
Introduction
Growing evidence suggests that early life experiences are relevant to health and well-being in later life. Rather than only focusing on experiences and conditions in adulthood, research should also pay attention to early life in order to fully understand health and mortality. The relationship of adult socioeconomic status (SES) with health and mortality has been well established, but evidence continues to suggest that this relationship may begin much earlier with parental SES in childhood. More specifically, socioeconomic conditions in early life have been recognized as an important factor for health and mortality risk in later life. [1] [2] [3] Children have no control over the socioeconomic class they are born into, but social forces can have a significant and lasting impact as children grow into adulthood. Children born into lower socioeconomic positions are faced with conditions (ie, lower financial resources, poorer housing) that have been shown to affect health at all ages, and decrease the possibility of upward mobility to a higher social class in adulthood. 4, 5 The stress process model suggests that social positions, such as SES, affect many of the stressors and stressful life events an individual experiences throughout the life course. 6, 7 Repeated and chronic stressors (ie, feeling unsafe in one's own neighborhood) can affect health in a different way than intermittent stressful events (ie, feeling unsafe during a thunderstorm). Studies show that experiencing poverty consistently over time has a worse effect on health than experiences of poverty interspersed with times of less financial hardship. 7, 8 Recent work has focused on examining the biological processes (ie, inflammation) underlying the pathway between SES, stress, and health. More specifically, research has focused on how the chronic stress associated with low SES disrupts the normal functioning of biological systems, such as the endocrine or nervous systems, which regulate how the body functions. Physiological dysregulation results when the normal processes that regulate the body become impaired, and it increases the risk of negative health outcomes such as diabetes or high blood pressure. Allostatic load is a concept used to quantify this disruption of normal biological functioning due to chronic stress. 9 This study aims to provide a better understanding of the role that early life conditions play in SES, perceived stress, and allostatic load in later life. Perceived stress reflects one's own feelings and ideas about how stressful their lives are, and how much control they have over that stress. The specific goals of this article are to (1) add to previous findings by examining the relationship between childhood SES and adult education, wealth, and perceived stress; (2) expand on existing literature by determining the relationship between childhood SES, adult outcomes, and allostatic load in late adulthood; and (3) provide a unique contribution to the literature by suggesting a novel method of measuring allostatic load longitudinally.
Allostatic Load
Allostasis refers to the long-term effects of stress on physiological functioning across multiple biologic systems in the body. 10 Allostatic load is a compilation of biological measures, from multiple physiological systems (ie, the immune system), used to measure the extent of physiological dysregulation (from interrupted biological processes) resulting from the body's response to chronic stress. 11 Immediate responses to stress cause the release of primary mediators, which are meant to regulate the body's physiological response to acute stress. The primary mediators are (1) stress hormones, such as norepinephrine or cortisol, in the neuroendocrine system; and (2) anti-inflammatory cytokines from the immune system, which cause acute inflammation. If a stress response is longer term (chronic stress), the dysregulation of primary mediators (stress hormones and anti-inflammatory cytokines) causes secondary outcomes to the other biological systems. 9, 12 Secondary outcomes can affect the immune, metabolic, cardiovascular, and anthropometric systems. Examples of secondary outcomes include elevated C-reactive protein (CRP), which is a response to chronic inflammation, and increased body mass index (BMI). Tertiary outcomes are the health outcomes manifested by these changes in functioning, such as poor self-rated health and disability. 9 Due to the cumulative nature of allostatic load, it is suggested that the relationship between SES and allostatic load be studied from a life course approach. 13 There is evidence that allostatic load mediates the relationship between SES and mortality, and SES is inversely associated with allostatic load for children, adolescents, and adults. [13] [14] [15] [16] [17] Both education and income show evidence of allostatic load gradients, though the benefits of education and higher income may not affect all racial identities similarly. 17, 18 Living in an impoverished neighborhood, poor housing quality, neighborhood disadvantage, perceived economic distress, and an adult moving out of the home all have evidence of lasting negative impacts on allostatic load. 19, 20 
Measuring Allostatic Load Longitudinally
Previous studies have suggested the importance of studying allostatic load longitudinally, though there are only a limited number of examples in the literature. 9, [21] [22] [23] Reasons for the lack of longitudinal allostatic load studies include difficulty collecting data and difficulty analyzing a composite measure over time. Respondents must be willing to participate in data collection involving blood or tissue samples, and then these must be processed in a laboratory. If biological data are available, then analyzing change in allostatic load over time becomes the issue. Some studies have used the difference between scores over time, but this may not properly shed light onto the cumulative allostatic load measure. For example, if one respondent has an allostatic load score of 7 at Wave 1 and 7 at Wave 2, the change would be 0. However, this respondent has a high allostatic load score in both waves, but the same change score as a person who has an allostatic load score of 0 for both waves.
Two previous studies have incorporated a longitudinal allostatic load measure by showing that increase (decrease) in allostatic load is associated with negative (positive) health outcomes. Karlamangla et al 24 found that increases in allostatic load were associated with increased mortality risk. A study of older adults in Taiwan observed allostatic load change over 6 years by placing respondents into groups based on changes (or lack of) in allostatic load score. 25 They found that both high allostatic load and the rapid increase in allostatic load score over 6 years (compared with a decline) were associated with increased mortality risk. In a similar manner, another study showed that allostatic load trajectories with more than 2 time points have been shown to predict later mortality risk, frailty, and certain chronic diseases. 26 Another approach used in the literature measures the rate of allostatic load change over 3 or more points in time, called growth curve models. A study of middleaged women found that those reporting higher levels of perceived stress have faster rates of increase in allostatic load over time. 27 They also found that most of their measures, such as being black and low SES, were predictive of allostatic load at one point in time, rather than rate of change. Merkin et al 28 also used growth curve models, separating analyses by those with low allostatic load at baseline and those with high allostatic load at baseline. For the low baseline group, those who achieved high levels of education in adulthood showed a slower rate of increase over time. They also examined the educational attainment of the respondents' parents, though this was not found to be an independent predictor of allostatic load change. The findings mentioned above show that increases in allostatic load over time can lead to greater mortality risk, more frailty, and particular health conditions. [24] [25] [26] However, to our knowledge, these are the only existing studies observing allostatic load change over time. Given the lack of attention to observing allostatic load longitudinally and the implications of the few existing studies, it is important to continue exploring methods of measuring change.
Theoretical Framework
The cumulative advantage/disadvantage theory posits that disadvantage results in differential outcomes that increase over time, and this framework is used to explain socioeconomic inequalities in health. [29] [30] [31] The cumulative inequality theory expands on cumulative disadvantage theory and incorporates the stress process model and the life course perspective to focus on systemic inequalities and how these inequalities interact with personal trajectories to influence aging. 32 These structural inequalities exist before a person is even born, with social forces shaping the environment a child is brought into. 32, 33 These inequalities accumulate over time and are thus best studied from a life course approach. This allows researchers to observe health trajectories beginning with inequalities in early life that may become even more pronounced as individuals age. For example, being born into a certain social class can provide various advantages and disadvantages for opportunities in education and occupation in early adulthood, which, in turn, affect health and wellbeing for the remainder of life. 34 Cumulative inequality emphasizes not only the importance of early life position but also takes into account human agency and psychosocial resources, citing that using these resources positively (or negatively) can reshape health trajectories.
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Methods
Data
We use data from Waves 1 and 2 of the National Social Life, Health, and Aging Project (NSHAP) for this study. 35 This biosocial data set provides information on physical, mental, and social health among participants aged 57 to 85 in the United States. Wave unknown but presumed to be alive, and 10 unknown. In each wave of data collection, only a subsample of respondents had all biomeasures collected, which further reduced our final sample size.
We established 2 study samples: Sample 1 was used to establish the high-risk cutoff points for the allostatic load scale, and Sample 2 was the study sample used for analyses. We felt that using a baseline sample that included respondents who died before Wave 2 follow-up would produce an allostatic load scale that accounts for some of the survival effects seen in older adults. Karlamangla et al 24 used a similar approach in their longitudinal study of allostatic load. Sample 1 was created using only Wave 1 data. Respondents missing race/ethnicity information (N = 13) were dropped from the sample. Cases with missing values on more than 2 of the 8 biomarkers used to measure Wave 1 allostatic load (N = 424) were deleted. Remaining missing values were imputed using the sample mean and additional respondent information for glycosylated hemoglobin (a measure of blood sugar) and CRP (a measure of inflammation). Cases with missing information on remaining key variables were dropped using listwise deletion (N = 472) for a final sample size of 2102.
Sample 2 includes only individuals interviewed in both Waves 1 and 2 (N = 2261). This is because Wave 1 did not have the information regarding childhood SES, and Wave 2 added respondent partner interviews. Cases with missing values on more than 2 of the 8 biomarkers used to measure allostatic load in Waves 1 and 2 (N = 366) were deleted. Remaining missing values were imputed using the sample mean and additional respondent information for glycosylated hemoglobin and CRP. Cases missing race/ethnicity (N = 7), childhood SES (N = 284), Wave 1 or Wave 2 perceived stress (N = 193), and total assets (N = 46) were dropped from the sample for a final sample size of 1365. Our analyses initially intended to include a measure of Wave 2 perceived stress in addition to Wave 1, but we chose instead to focus on allostatic load. We examined the 116 respondents missing Wave 2 perceived stress to add back into our sample and found that their values on key variables were significant outliers compared with our original sample of 1365 and therefore felt it best to leave those cases out of our sample.
Measures
Allostatic Load. Allostatic load is the focal outcome of this study. The allostatic load index was created using 8 biomarkers, based on availability of data and previous research. Allostatic load is intended to be a multisystem measure of the response to chronic stress; therefore, utilizing biomeasures from various physiological systems is ideal. Additionally, it is recommended that both primary mediators (which capture acute effects of stress) and secondary outcomes (which refer to more long-term impacts of stress) are included in the composite allostatic load measure. 9 The 8 biomarkers used for our allostatic load index cover 5 different physiological systems and include 1 primary mediator and 7 secondary outcomes. Dehydroepiandrosterone (DHEA) is used in the allostatic load scale as a primary mediator from the neuroendocrine system. DHEA is theorized to act as a regulator to cortisol, a stress hormone, which indicates that low levels of DHEA are problematic. 36, 37 The secondary outcomes used in this allostatic load index are the following: CRP from the immune system; glycosylated hemoglobin from the metabolic system; systolic blood pressure, diastolic blood pressure, and heart rate from the cardiovascular system; and waist circumference and BMI from the anthropometric system. CRP is a substance produced in the body in response to inflammation, making it a useful biomeasure of inflammation and the immune system's response to chronic stress. 38 Glycosylated hemoglobin is a measure of glucose in the blood, and chronically high levels are associated with diabetes. 39 Systolic blood pressure, diastolic blood pressure, and heart rate are all measures of cardiovascular health. High levels of these biomarkers are associated with hypertension and poor cardiovascular functioning. 40 Waist circumference and BMI are intended to measure body fat composition, with higher levels indicating more body fat and cardiovascular risk. 41 CRP and glycosylated hemoglobin were both measured using dried blood spots and DHEA was measured through saliva samples. No significant differences in demographic or health characteristics were found between those who agreed to provide blood spots and those who declined. 42 For each of the 8 measures, individuals were coded as to whether they exhibit high risk or not, with 1 indicating high risk. High risk was determined by the using the upper quartile of the sample (lower quartile for DHEA) as in previous studies measuring allostatic load. 13 This is the preferred method of measuring risk for allostatic load scores as clinical cut points are not established for many of the measures, in particular when looking at a specific group such as older adults. 9, 13 The risk indicators were then summed to create the allostatic load index, ranging from 0, meaning no high-risk indicators, to 8, meaning 8 high-risk indicators. Using the imputed mean adopts a conservative approach in that none of these missing values were assigned a high-risk score, with the exception of those who were missing glycosylated hemoglobin and answered that they were diabetic (Wave 1 N = 68; Wave 2 N = 11). CRP scores are notably higher for Wave 2; therefore, the 60 individuals missing this measure, who had the mean imputed (separately by sex) did end up being past the high-risk threshold.
Finally, in order to account for the many individuals who may be on medications affecting their allostatic load, we used medication information reported in Wave 1 to adjust the allostatic load scales accordingly. The medications data for Wave 2 were not yet available, so we used the Wave 1 medications data for both allostatic load measures. For individuals taking blood pressure medications, their systolic blood pressure indicator was changed to 1 if it was not already in the high-risk category. Similarly, for respondents taking diabetic medications, their glycosylated hemoglobin score was changed to at-risk.
Longitudinal Allostatic Load Score Over 5 Years. This score used the scale created from measuring the change between risk scores of individual biomarkers between waves. While it may seem like simply taking the difference between allostatic load scores for each time point would be sufficient, this does not accurately reflect risk. If a person has the same score for both time points, their change score would be 0, whether or not they had a low score of 1 for each time point, or the highest risk score for both time points. We began by using the dichotomous risk indicator for each biomarker for both time points. Each biomarker is given a score between 0 and 3, with 3 indicating the most risk. If the individual had a value of 0 for the risk indicator at both time points, their score was 0. If the value of the risk indicator decreased from 1 to 0 between time points, the score was 1. If the value of the risk indicator increased from 0 to 1 between time points, the score was 2. If the value of the risk indicator was 1 for both time points, the score was 3. The scores for each of the 8 biomarkers were then summed. The change scores ranged from 0 to 21, but the highest potential score using the scale was 24, which indicates having a score of 1 for each of the 8 biomarkers at both time points. It may be considered that decreasing risk between waves indicates less risk, but not being at risk in either wave should theoretically have less cumulative biological impact. The allostatic load scores from Waves 1 and 2 used to create this measure were both adjusted for medications.
Childhood SES. Childhood SES was a focal predictor variable that was measured using responses to the question: "During the time from about age 6 to age 16, would you say your family was very well off financially, fairly well off, about average, not so well off, or not well off at all?" If respondents considered family finances growing up as "not so well off" or "not well off at all," they were coded as 1 for family financial background, otherwise they were coded as 0. There were very few respondents who reported very well off or fairly well off and the goal of this article is to observe the outcomes of socioeconomic disadvantage in childhood; therefore, we felt the dichotomous indicator is best.
SES in Adulthood.
Educational attainment was assigned to 1 of 4 groups based on degrees earned: less than a high school diploma, high school graduate, some college, and bachelor's degree or higher. A set of dummy variables was created using less than a high school diploma as the reference group. For education as an outcome, dichotomous measures were used for each of the education groups for 4 separate odds ratio models.
Household assets was used as a measure of late adult SES in that many of the respondents are retired and therefore income may not be an accurate reflection of SES. 13 Respondents were asked, Now I'd like you to think about all of the assets of your household. These are things like your house (if you own it), cars, other rental properties and businesses you own, and financial assets like savings accounts, stocks, bonds, mutual funds, and pensions. Altogether, how much would you say that amounted to, approximately, after accounting for the loans you might have to pay off?
Answers range from $0 to $20 million. Those who answered "don't know" or refused an answer (N = 414) were then asked a series of follow-up questions to determine an approximate value range of their assets. There were 5 categories that the follow-up questions presented: less than $10 000 total; $10 000 to $49 999; $50 000 to $99 999; $100 000 to $499 999; and $500 000 and higher. We used these follow-up questions to impute assets for those who responded to the follow-up questions. If total assets was still missing, the Wave 2 value was used if present. The remaining missing cases were deleted (N = 46). Finally, because the distribution of assets is so skewed, the logged value is used for analyses.
Perceived Stress Scale. A perceived stress scale was created using the 4 question version of the original 14-item questionnaire by Cohen et al. 43 The purpose of this scale is to measure how stressful one interprets his or her life situations to be. For this study, its purpose was to measure psychosocial functioning and response to stressors. For each of the 4 questions, respondents were asked how frequently they had experienced the following in the past week: "I felt that things are going my way," "I felt that difficulties were piling up so high that I could not overcome them," "I was unable to control important things in my life," and "I felt confident about my ability to handle personal problems." Responses were chosen from the following: "rarely or none of the time," "some of the time," "occasionally," and "most of the time." We assigned values ranging from 0 to 3 for each response, with 3 indicating the most stress experienced. We reverse coded the positive questions for a total scale of 0 to 12, with 12 indicating the highest level of perceived stress. For perceived stress as an outcome, we used a dichotomous version of the variable to indicate "high perceived stress." If a respondent's perceived stress score was 3 or greater, they were coded "1" for high stress. The distribution of perceived stress scores did not have good model fit as an ordinary least squares regression continuous outcome or a count outcome, therefore we felt the dichotomous outcome had the best fit.
Controls. Age, sex, race/ethnicity, and marital status were used as control variables. Age was controlled for as a continuous variable, ranging from 57 to 85 in Wave 1. Sex was recoded as the dummy variable "female" where "1" indicates female and "0" is male. Race/ethnicity was assigned based on participant self-report selected from 1 of 4 categories: non-Hispanic White, non-Hispanic Black, Hispanic, or other. We used this categorical variable to create a set of 4 dummy variables, using non-Hispanic White as the reference group. Marital status, also taken from Wave 1, was coded as a dichotomous variable, married coded as 1, and unmarried as the reference group. Unmarried takes into account any response that is not listed as "married."
Statistical Analyses
We used Stata 13 for all data cleaning and analyses. The first part of our analyses focused on examining how childhood SES affects adult outcomes (education, wealth, perceived stress). Logistic regression was used to determine the odds ratios for 4 levels of educational outcomes (less than high school, high school diploma, some college, and college) and to determine the relationship between childhood SES and perceived stress in later adulthood. Ordinary least squares regression was used to determine the relationship between childhood SES and total household assets in late adulthood.
The next part of our analyses focused on direct and indirect effects of childhood SES on late adulthood allostatic load at 2 singular time points (Wave 1 and Wave 2). Poisson regression models were used to assess the relationship between childhood SES and allostatic load in both Waves 1 and 2. We used the "countfit" program (downloadable for Stata) that compares various fit statistics in order to determine that Poisson models were preferred for this count distribution. The final step of analyses used both allostatic load measures in order to observe allostatic load change as a focal outcome. Using the "countfit" program, we determined that negative binomial regression was a better fit for the distribution of this new outcome. For all Poisson and negative binomial regression models, incidence rate ratios are presented, and we use the "vce(robust)" option in order to control for potential minor violations of underlying assumptions. Table 1 provides descriptive statistics for the sample as a whole (N = 1365), and bivariate statistics by childhood SES. A little more than half of respondents (53.5%) report having average or above-average income in childhood, and 46.5% report lower than average income growing up. The bivariate statistics suggest more disadvantaged outcomes for the low childhood SES individuals.
Results
Multivariate Results
Adult SES. Table 2 shows odds ratio coefficients for each separate level of educational attainment as its own dichotomous outcome. Low childhood SES individuals have significantly greater odds of being in the lowest educational achievement group, compared with those of average or above socioeconomic backgrounds. Those with low childhood SES have over 2 times the odds of reporting less than a high school diploma as their highest level of educational attainment. For the highest level of educational attainment, college degree or higher, having low childhood SES significantly decreases the odds of attaining a college degree by 40%. Table 3 shows ordinary least squares regression coefficients for wealth (total logged assets) and odds ratios for high perceived stress. Low childhood SES is a significant predictor of decreased assets in late adulthood in Model 1, but this association is no longer significant once education is added in Model 2. Model 3, the full model, shows significant wealth advantages of the 3 education levels above the reference group (less than high school), but especially for those with a college degree or higher. Those with a college degree or more have 6.49 times the assets compared with those who have less than a high school diploma. Being married is associated with greater wealth compared with those who are not married. Being Black or Hispanic is associated with decreased wealth, compared with Whites.
Perceived Stress. For the high perceived stress outcome (score of 3 or more), the models in Table 3 show that low childhood SES is a significant predictor of increased perceived stress in older adulthood. In the full model, those with low childhood SES have 32.4% increased odds of having high levels of perceived stress in late adulthood. Each level of educational attainment has a significant and negative association with perceived stress score. Having a college degree is protective of high perceived stress. Those with a college degree have 48.7% decreased odds of having a high perceived stress score in late adulthood. Wealth is also a significant predictor for decreased odds of high perceived stress.
Allostatic Load. Table 4 shows the incidence rate ratios for Poisson regression coefficients of allostatic load (Waves 1 and 2) in adulthood on childhood SES. Results show that low childhood SES is associated with increased physiological dysregulation in older adulthood, but this relationship is explained primarily by educational attainment. Prior to controlling for education in Model 1, low childhood SES is a significant predictor of increased allostatic load in both Waves 1 and 2. In Model 2 for both waves, low childhood SES is no longer a significant predictor, suggesting education explains the association between low childhood SES and increased allostatic load. However, the relationship between education and allostatic load is stronger and more inclusive in Wave 1. In the full model for each wave (Model 3), having a college degree is significantly associated with decreased allostatic load, compared with the reference group. At Wave 1, those with a college degree have an allostatic load score 21.5% lower, on average, compared with individuals who have less than a high school diploma. At Wave 1, those with a high school diploma and those with some college also experience significantly lower allostatic load. Five years later in Wave 2, those with a college degree have an allostatic load score that is only 13.6% lower, on average, and being a high school graduate or having some college do not significantly differ from the reference group. In Wave 1, wealth is also a significant predictor of decreased physiological dysregulation, though to a lesser extent than a college education, and wealth is no longer a significant predictor in Wave 2. This suggests that the protective benefits of education, aside from a college degree, and wealth, may only last so long into late adulthood. Consistent with the literature, in all models, being Black is associated with significantly increased allostatic load score. Being married is significantly associated with lower allostatic load score, those to a lesser magnitude than education.
Longitudinal Allostatic Load Over 5 Years. Table 5 shows incidence rate ratios for the longitudinal allostatic load score over 5 years. In Model 1, those with low childhood SES have 7.6% increased allostatic load over 5 years, all else being equal, compared with those who had average or above income in childhood. Similar to the singular time point allostatic load for Waves 1 and 2, once education is added to Model 2, low childhood SES is no longer a significant predictor. This suggests that education mediates this association. In all 3 models, Blacks have significantly higher longitudinal allostatic load over 5 years, compared with Whites. In the full model, Blacks have 19.3% higher longitudinal allostatic load, on average, compared with Whites. Having some college education or a college degree are significantly associated with decreased longitudinal allostatic load over 5 years, compared with less than a high school diploma. The longitudinal allostatic load score is 17% lower, on average, for college graduates. Wealth is also a significant predictor of decreased longitudinal allostatic load score, but with a much smaller magnitude. Being married is 
Discussion
This study adds to existing literature on early life SES and its impact on physiological dysregulation in late adulthood. More specifically, it helps explain how the psychosocial stressors associated with low SES lead to the dysfunction of physiological systems over time. This, in turn, leads to increased risk of poor health outcomes and mortality. There are very few existing studies of older adults that include both information on early life SES and allostatic load as a measure of biological functioning. Using biological data eliminates some bias of alternative health measures, such as using respondent reported weight and blood pressure. Allostatic load also enables physiological dysregulation to be measured prior to reaching clinically significant levels and allows for a cumulative impact of SES on physiological dysregulation to be observed. The results suggest that childhood SES significantly affects adult outcomes, both directly and indirectly, even late into adulthood. The first goal of our analyses was to examine the relationship between low childhood SES and adult outcomes: educational attainment, wealth, and perceived stress. We find that low childhood SES is significantly and directly associated with lower educational attainment, and this finding is consistent with the literature. 34, [44] [45] [46] [47] Educational attainment, in turn, is significantly associated with household assets, perceived stress, and allostatic load in late adulthood. Low SES in childhood is only slightly associated with decreased household assets in late adulthood, with much of this relationship explained by educational attainment. Low childhood SES is significantly associated with increased risk of having high levels of perceived stress in late adulthood, and this relationship persists even after controlling for education and wealth.
The second goal of our analyses was to examine how childhood SES may directly and indirectly affect allostatic load at 2 separate time points. We found that this is an indirect relationship that is mediated mostly by education, with college education being especially important. In the first wave of measurement (2005/2006), all 3 education levels above the reference group were significantly associated with lower allostatic load, with a college education having the greatest effect. In the second measurement 5 years later, only a college education is protective against increased allostatic load, suggesting that all education levels may not experience the same length of health benefits in older ages. Wealth, in the form of assets, is a significant predictor of decreased allostatic load in Wave 1, but is no longer significant in Wave 2. Again, this suggests that as individuals get older, adult SES has a somewhat smaller impact on late adult allostatic load. We were surprised to find that perceived stress was not a significant predictor of allostatic load for either wave, although low childhood SES was significantly associated with increased risk of high perceived stress. This may be due to the fact that allostatic load is a cumulative measure of physiological distress, whereas the perceived stress scale only asks about how the respondents felt in the past week.
Finally, the third goal of our analyses was to measure allostatic load longitudinally across 5 years. The benefit of the longitudinal allostatic load score measure is that it accounts for all indicators of biological risk, whether they increased, decreased, or stayed the same over 5 years. Those who go from showing high risk to no risk on an indicator from the first time point to the second are assigned a lower score than those who increase, which is consistent with the studies that show decreasing allostatic load score over time is associated with a decreased risk in mortality. 24, 25 And finally, it gives the highest score for individuals with high risk at both time points for an indicator, which theoretically suggests the greatest cumulative impact of wear and tear by maintaining a high-risk measure over 5 years. On the contrary, using the regular difference between scores over time may not properly shed light onto the cumulative allostatic load measure. Our findings for the total allostatic load change score scale are similar to the outcomes for Waves 1 and 2 allostatic load in that low childhood SES is a significant predictor of increased longitudinal allostatic load until education is added to the model. College education is especially important, but a college degree has a greater impact than some college. College graduates have 17% lower longitudinal allostatic load scores over 5 years, on average, compared with those without a high school diploma. Taken together, our findings underscore the importance of eliminating socioeconomic inequalities in educational attainment.
The policy implications from this study are focused on eliminating socioeconomic differences in educational attainment. There is evidence that public expenditures on education have a larger impact on state mortality rates than spending on housing, welfare, health, and hospitals. 48 In the practice sphere, the findings suggest that public and clinical health professionals should consider the effects of socioeconomic inequality and stress on physiological dysregulation in older individuals and provide access to key healthpromoting and morbidity-preventing resources. Therefore, we recommend targeted practices in health services that give socioeconomically disadvantaged, older adults access to resources that can help them reduce stress and monitor their health.
There are multiple strengths of this research, including the use of biomarkers, the longitudinal nature of the data, establishing a method of studying change in allostatic load, and including a measure of perceived stress. The NSHAP data set has biomarker indicators that are not available in many data sets, especially longitudinal ones. While there are multiple strengths to this research, it is not without its limitations. The primary limitations are the lack of childhood SES questions in Wave 1, only having 2 waves of data available, and missing biomarker measures. Analyses were run without individuals missing any biomarkers and showed similar results, but imputed data were chosen to boost statistical power. The lack of information on childhood SES prohibits us from directly observing its relationship with later morbidity and mortality. These are areas for future research once Wave 3 of the NSHAP becomes available. Future research should continue to include measures of early life exposures in order to better understand the complex relationship with late adult allostatic load. Most prior studies on early life SES and allostatic load in adulthood focus on middle adulthood, so they may not be observing the full picture if adult exposures only temporarily ameliorate negative early life exposures. Due to the complex nature of this relationship, future research should include advanced modeling techniques to fully illustrate how all these life course factors interact.
Author Contributions
KYG: Contributed to conception and design; contributed to acquisition, analysis, and interpretation; drafted manuscript; critically revised manuscript; gave final approval; agrees to be accountable for all aspects of work ensuring integrity and accuracy. ACHN: Contributed to design; contributed to acquisition and interpretation; critically revised manuscript; gave final approval; agrees to be accountable for all aspects of work ensuring integrity and accuracy.
Declaration of Conflicting Interests
The author(s) declared no potential conflicts of interest with respect to the research, authorship, and/or publication of this article.
Funding
The author(s) received no financial support for the research, authorship, and/or publication of this article.
